Background: research has reliably demonstrated cardioprotection from regular alcohol use. Heavy episodic drinking (HED), however, negates these beneficial effects and increases the risk of cardiovascular disease (CVD). The impact of age on the health effects of episodic drinking has not been evaluated. Objective: to examine the association between alcohol volume and pattern of consumption on the risk of cardiovascular morbidity and mortality across the lifespan. Design and Setting: prospective, community-based cohort study of adults in Winnipeg, Manitoba, Canada. Subjects: a total of 1,154 participants (580 men and 574 women) aged 18-64 surveyed at baseline (1990-91) on alcohol consumption levels and pattern of use. Methods: usual alcohol consumption was measured using a quantity-frequency approach. HED was estimated by asking participants how often they consumed eight or more drinks in one sitting in the past year. Questions were asked separately for wine, beer and spirits. Surveillance for cardiovascular events was conducted for 10 years (i.e. up to age 74 years). Diagnoses of CVD were obtained via health utilization records. Cox proportional hazard models were derived for both genders and for 'young adults' (baseline age 18-34), 'middle-aged adults' (baseline age 35-49) and 'older adults' (baseline 50-64). Models were adjusted for marital status, cigarette smoking status and educational level. Results: Reduced risk of CVD was associated with usual consumption, whereas an increased risk was associated with HED. Among male usual drinkers, cardioprotection was afforded only to middle and older age groups. The benefits of regular consumption were seen only in the youngest age group among women. The heaviest usual consumption category was associated with a decreased risk of CVD in men. Heavy episodic drinking increased the risk of coronary heart disease in middle-aged men and was marginally significant in middle-aged women. Risk of hypertension was elevated in older men with heavy episodic drinking.
Introduction
The health benefits of usual alcohol consumption have been well documented [1, 2] and include a lower risk of coronary heart disease (CHD) [3, 4, 5] and ischaemic stroke [6] . The health benefits for older populations, however, remain unclear. Determining levels of consumption that offer some health benefit will assist in developing national guidelines to 206 Alcohol use and cardiovascular health outcomes recommend 'safe' amounts for different cohorts. Safe levels of alcohol consumption may be overestimated for older populations due to changes in alcohol metabolism: physiological levels of gastric alcohol dehydrogenase decrease with age [7] , causing blood alcohol concentrations to be higher for the same amount of ethanol ingested. Moreover, alcohol consumption is contraindicated for those with a history of hypertension and increases the risk of stroke for those with existing hypertension [8] , the prevalence of which increases with age [9] . Thus, in older individuals, both cardioprotective and deleterious effects of alcohol use would be expected to be found at lower levels of consumption. Mukamal et al. [10] , however, noted the lowest risk of cardiovascular disease (CVD) with consumption of 14 or more weekly drinks, higher than the current national guideline of one drink per day for older individuals. Gronbaek et al. [11] reported identical U-shaped relationships between all-cause mortality and alcohol consumption for middle-aged and older participants. Thun et al. [12] noted decreased risk of all-cause mortality with usual consumption for both middle-aged (30-59 years) and older (60-79 years) men and women. A study of men and women aged 70-90 also found a decreased risk of all-cause and cause-specific mortality with moderate alcohol use [13] . Usual alcohol consumption of any type was associated with a decreased risk of death for both older men and women [14] .
Although consumption levels tend to decrease with age [9] , alcohol use remains prevalent in older adults. A U.S. national survey found that 73% of older individuals consumed alcohol, with 17% of respondents over 55 reporting daily consumption [15] . Moreover, 10% of older respondents reported heavy episodic drinking (HED) within the last year [16] .
We have previously demonstrated that HED is a risk factor for CVD [17] . The present study examined the association of usual alcohol consumption and HED with cardiovascular morbidity and mortality across the lifespan for both men and women. This paper is one in a series based on a longitudinal cohort study, the Winnipeg Health and Drinking Survey (WHDS).
Method
Manitoba Health provided a list of 4,000 residents in Winnipeg, Manitoba, Canada, where health care coverage is universal. From this initial sample, a random subsample was selected such that 1,257 in-home interviews were completed, with approximately equal numbers across the age cells (18-34, 35-49 and 50-64 years) for both genders. Participants were not screened for pre-existing medical conditions. The interviews were conducted at baseline in 1990 and 1991 (64% response rate) and collected information on alcohol use and other factors, such as tobacco use and demographic characteristics. Analyses for the present study were conducted on data from the 1,154 participants who completed the baseline survey and consented to surveillance. Sampling and survey procedures have been reported elsewhere [18, 19] .
Surveillance of health service utilization data was conducted for 10 years. Provincial health service utilization records were housed at the Population Health Research Data Repository, developed by the Manitoba Centre for Health Policy to extract and analyse anonymised administrative data [20, 21] . The high quality of the repository data has been demonstrated by error rates of ∼1% in linkage studies using different sources of utilization information [21] . The study was approved by ethics review boards at the University of Manitoba and Manitoba Health.
Measures
Volume of alcohol consumed was estimated by a quantityfrequency approach. Participants were asked to report the number of times in the past year they had consumed alcoholic drinks and how many drinks they usually consumed per occasion. Questions were asked separately for glasses of wine (4 ounces), glasses of beer (12 ounces) and drinks containing liquor (2 ounces of liquor). Quantity and frequency values were multiplied together to provide an estimate of average daily ethanol consumption in grams. As analyses were not conducted separately for alcohol type, we assumed a standard drink to contain an average of 13 g of ethanol. The frequency distribution was then divided into tertiles, computed separately by gender. For men, the tertiles of ethanol were 0.65-5.77 g ('light'), 5.78-18.1 g ('moderate') and >18.1 g ('heavy') per day. For women, the corresponding tertiles were 0.65-2.92 g ('light'), 2.93-9.15 g ('moderate') and >9.15 g ('heavy') per day. The term 'usual drinking' is used to describe the volume estimates and to differentiate it from HED. Usual drinking was calculated as a continuous variable and then grouped into categories for analysis.
HED was assessed by asking participants how often they had consumed eight or more drinks in one sitting in the past year. There were five response choices: 'nearly every day', 'one to three times a week', 'one to three times a month', 'less than once a month' and 'never'. Questions were asked separately for beer, wine and spirits. The responses were summed together and reported as the frequency per month of consuming eight or more drinks per sitting. Frequency of HED was considered a continuous variable in the models for women, and as a dichotomous variable (any HED versus no mention of HED) for men, as this accounted for more variance in the models. Proportional hazards models included measures of both usual drinking and HED. Covariates included age, sex, education and marital status. Smoking status (smoker defined as smoking more than one cigarette per week) was included as a potential confounder of the association between alcohol use and CVD, given its adverse effects on CVD and its frequent co-occurrence with alcohol use. Educational level was divided into eight categories (some grade school to master's degree/doctorate). The sample was stratified by age and models tested for each age cohort and gender.
Morbidity and mortality data from the 10-year followup period (up to age 74) were classified using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) (CHD: codes 410-414; hypertension: codes 401-405; other CVD: codes 390-398 and 415-459). The 'most responsible diagnosis,' coded to five digits, was used from the hospital discharge abstract data; where more than one diagnosis is listed, this coding identifies the condition 'most responsible' for the hospitalization. Data from physicians' claims contained only one diagnosis coded to three digits.
Statistical methods
Cox proportional hazards regression models were stratified by age and gender. Time to event was defined as the number of days from baseline interview to initial report of the index diagnosis. Data from former drinkers were excluded because of the potential confounding influence of those who quit drinking due to illness. The small number of never and occasional drinkers necessitated combining these groups for the reference category for usual drinking. For HED, the reference category was no report of HED. Statistical analyses were conducted using SAS version 8.1 (SAS Institute, Inc., Cary, NC). Multicollinearity was assessed; HED was independent of usual drinking and thus both were entered into the same models. 
Results
Never and occasional drinkers were more likely to be married and less likely to smoke than heavier drinkers. The percentage of former and never/occasional drinkers increased with age, whereas the percentage of participants who engaged in HED decreased with age (66.1% of young men vs. 22% of middle-aged men). For further information on demographic characteristics, please see Appendix 1 (available on Age and Ageing online). Tables 1, 2 and 3 summarise hazard ratios (HR) for CHD, hypertension and other CVD, respectively, for men and women at 10-years post-baseline. The reference group (HR = 1) consisted of lifetime abstainers and occasional drinkers who consumed < 0.05 drinks (<0.65 g) per day. The number of CHD events was insufficient for multivariate analyses in young men and women. Among middle-aged men, usual drinking at any consumption level showed no protective effect against CHD 10 years later (Table 1) . However, usual alcohol consumption at the highest tertile (>18.1 g) did offer significant protection against CHD for older men (those up to age 74) (HR = 0.28, 95% CI 0.08-0.93). HED was significantly associated with an increased risk for CHD for middle-aged men (HR = 4.13, 95% CI 1.46-11.62). Table 2 shows some results for hypertension with marginally significant associations. In men, HED increased the risk of hypertension for the oldest age group (HR = 1.62, 95% CI 0.99-2.63; P = 0.05) ( Table 2 ). In women, there was a protective effect of alcohol on hypertension in young light drinkers (HR = 0.26, 95% CI 0.07-1.01; P = 0.05).
In contrast, there were strong effects of alcohol consumption on the risk of CVD other than CHD or hypertension. Usual alcohol consumption at the highest tertile reduced the risk in older men by more than half (HR = 0.40, 95% CI 0.19-0.85) ( Table 3) . Although not reaching statistical significance, there was a trend towards decreased risk of other CVD with moderate alcohol consumption for middle-aged men and with both light and moderate levels for older men. HED more than doubled the risk in middle-aged men (HR = 2.59, 95% CI 1.19-5.63). In young women, usual alcohol
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Alcohol use and cardiovascular health outcomes consumption at both the lowest and middle consumption categories dramatically reduced the risk of other CVD (HR = 0.23, 95% CI 0.08-0.65 and HR = 0.14, 95% CI 0.05-0.45, respectively).
Discussion
The health benefits attributed to usual alcohol consumption have been repeatedly demonstrated [3, 4, 5, 17] . However, the health effects of HED, between genders and across age groups, have not been elucidated. Despite the age-related physiological changes associated with the body's decreased ability to metabolise alcohol, usual consumption at the highest tertile (>1.39 drinks/day) was generally associated with protection from CVD in our sample of older adult men. These findings are consistent with other studies examining usual alcohol consumption in older adults and suggest that alcohol's cardioprotective effects, even at higher levels, appear to be preserved with age. In fact, Klatsky and Udaltsova [22] found no apparent benefit from usual alcohol consumption until 40 years of age or older. Our study found evidence of the benefits of usual consumption only for the youngest age group in women. The lack of a cardioprotective effect with usual drinking among middle-aged and older women may suggest that age-related differences in the health effects of alcohol use vary by sex, with cardioprotection decreasing with age for women but not for men. However, the limited sample size for these analyses in women precludes conclusions of different age-specific effects without further study. Although usual consumption may be protective against CVD, HED appears to negate this beneficial effect. To our knowledge, this is the first study to evaluate the health effects of this pattern of drinking as a function of age. Our findings suggest that the harmful effects of HED may become more pronounced with age, as evidenced by the increased risk of CHD and other CVD in middle-aged men and hypertension in older men as well as the trend towards an increased risk of CHD in middle-aged women. Since CHD generally occurs approximately a decade later in women than in men, and since our older category has a distinct age cut-off, the lack of a statistically significant hazard for older women may simply reflect our sample characteristics, with further research needed in women older than those in our study. From a clinical perspective, the present study stresses the need for health care professionals to pay attention to not only the level but also the pattern of alcohol consumption, especially for middle-aged and older populations. This study has some limitations, most notably the small sample size per age/gender subgroup. Since the prevalence of HED decreases with age, a larger data set may be required to explore our negative findings related to HED, particularly in older females. Due to some small subgroup sizes, we also did not separate CVD into different stroke categories. Several recent studies have reported different levels of risk associated with alcohol use based on stroke type. Alcohol use increases the risk of hemorraghic stroke [23] while decreasing the risk of ischaemic stroke [24] . Pattern of drinking may also differentially affect the risk of subtypes of strokes.
Definitions of HED vary. We defined HED as consumption of eight or more drinks per episode during the past year. Gill [25] , however, has suggested a criterion of six units of alcohol or higher to more appropriately estimate HED in females. This may also be the case in older adults. The frequency of HED was low in our sample of women, especially in the older age group. We have found, however, that the definition of eight or more units of alcohol performed as well or better than other measures in both women and men in demonstrating harm from episodic drinking [26] .
The health effects of alcohol use are mediated by many factors, including diet, exercise and body mass index, all of which are known to predict hypertension, CHD and CVD, but were not available in this study. Lastly, the data presented here are based on consumption levels and pattern of consumption at baseline; we were not able to assess how these levels and patterns of alcohol changed over time.
Despite these limitations, this study is the first to report the differential effects of HED with age. Strengths of the Alcohol use and cardiovascular health outcomes research are the inclusion of both genders, high-quality surveillance data, the exclusion of former drinkers to rule out the influence of those who may have stopped drinking due to illness [27] and data on both level and pattern of drinking from a representative community sample.
The present study provides evidence that moderate alcohol consumption offers health benefits and adds to the growing literature on the harmful effects of HED. We examined these relationships in three different age cohorts and noted differential risks and benefits associated with age. Estimating health outcomes across various subgroups provides insight into how these well-documented relationships may change across the lifespan. The present findings do not suggest a decreased cardioprotective effect of usual alcohol consumption as a function of age but rather a preservation of its beneficial effects, at least in men and at the generally modest levels of consumption seen in our sample. We found no indication of a 'safer' level of usual consumption for older adults as compared to younger groups. However, these results suggest that the harmful effects of HED may become more pronounced with age, especially among men. These findings suggest that HED should be limited in older individuals and emphasise the importance of evaluating pattern in addition to level of consumption when making patient recommendations regarding alcohol use.
Key points
r Older men who consumed alcohol regularly at the heaviest tertile of consumption (>1.39 drinks/day) were at a decreased risk of coronary heart disease and other cardiovascular diseases. r Heavy episodic drinking increased the risk of coronary heart disease and other cardiovascular disease among middle-aged men and the risk of hypertension in older men. r Light to moderate usual alcohol consumption was associated with a lower risk of cardiovascular diseases other than coronary heart disease among young women.
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Introduction
Cardiac autonomic function can be assessed by heart rate variability (HRV) [1] . Although older age and ageing are believed to be associated with decreased HRV, there are few studies of HRV in older adults [2, 3] and they are mostly cross-sectional, with few >70 years of age. Only limited HRV measures have been assessed, and heart rate turbulence (HRT) has not been measured [3, 4] . These studies have not taken cardiovascular
